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TITLE OF THE INVENTION ^ ^ '<^\ 

[0001] Georef erenced Monitoring System ^ & ^- 

CROSS REFERENCE TO RELATED APPLICATIONS *a <£> > 

\ ' 

[0002] This is a national stage application based u^xgn 

International Application No. PCT/EP99/10394 , filed 
December 27, 1999, which claims priority from German 
Application No. 198 60 892.6, filed December 31, 1998, and 
German Application No. 199 07 995.1, filed February 25, 
1999. 

BACKGROUND OF THE INVENTION 

[0003] The invention relates to a system for monitoring 

supply lines, such as gas lines laid underground. 
[0004] In the prior art, gas supply lines are, monitored 

with the aid of a measuring group, comprising a path finder 
and a tracer. Such measuring groups carry out checks on the 
gas supply lines for their tightness at regular intervals, 
on account of the statutory monitoring obligation of the 

power, supply, .companies - — — - - - - 

[0005] The actual activity of such a measuring group 

consists in patroling the gas supply lines and determining 
a possible escape of supply gas by using a gas tracing 
instrument. The course of gas supply lines, generally laid 
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underground, is naturally not readily detectable, so that a 
pathfinder, as a part of the measuring group, is 
responsible for the proper following of the measuring path. 
The gas tracing instrument is guided by the "tracer" in 
accordance with the navigation instructions from the 
pathfinder. 

[0006] This procedure is relatively complicated, since 

the pathfinder, in the initial part of the monitoring 
operation, has to draw up extracts from maps and work out a 
suitable tracing path. During the measuring operation, the 
pathfinder is normally responsible for monitoring the 
completeness of the measurement and recording the measured 
results . 

[0007] In this case, the line sections inspected are 

marked in writing with the points of note relevant to the 
operation of the line system. The recordings are used with 
respect to the responsible inspecting authorities as proof 
of the monitoring obligation placed by statute on the power 

^supply .company. . _ - - - - - - - 

[0008] In the procedure described above, the use of at 

least two persons is absolutely necessary. 

[0009] Furthermore, the reliability of the measurement 

depends both on the care of the pathfinder and the care of 
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the tracer. For example, it is conceivable for the 
pathfinder, in the event of an inaccurate procedure, to 
deviate from the measurement path necessary for the 
verification of a gas escape and, as a result, a gas escape 
location will be overlooked. In addition, there is the risk 
of information losses arising from incomplete or faulty 
recording of the monitoring results. 
BRIEF SUMMARY OF THE INVENTION 

[00010] The invention is, then, based on the object of 
providing a monitoring system which avoids the 
aforementioned disadvantages and permits reliable 
monitoring . 

[00011] The problem is solved by the independent claim 
1. Advantageous embodiments are reproduced in the 
subclaims . 

[00012] In detail, the problem of the invention is 
solved by a mobile measuring device being combined with an 
electronic guidance system which preferably has recourse to 

.existing. - satellite-assisted navigation- --system-, in 

conjunction with a geographical information system for 
generating the navigation information. 

[00013] Particular preference is given to a combination 
of a mobile measuring device with navigation system with 
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automatic documentation of the measured results and/or 
acoustic or optical guidance of the operator by using the 
navigation data determined. 

[00014] With the aid of the measuring device according 
to the invention, the monitoring operation can be carried 
out by a single person. By using the computer-controled 
navigation and documentation, the monitoring becomes 
largely independent of the reliability of the operator. 
[00015] A particular advantage consists in the fact that 
the safety of the operator during the monitoring operation 
is increased considerably. Because of the actual course of 
the gas line, it is often necessary to inspect locations at 
risk from traffic during a monitoring operation. The fact 
that substantial monitoring functions are performed by. the 
mobile device permits the operator to direct his 
concentration to avoiding hazards during the inspection. In 
particular if an acoustic guidance system is used, the 
concentration potential of the operator is largely free and 
-is- therefore available, -for- example-, for- avoiding -hazards- - 
[00016] A recording of the track of the path patroled, 
as implemented by one embodiment of the measuring device, 
provides the advantage of permitting exact local allocation 
of the measured values . 
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[00017] In the following text, the invention will be 
described in detail using an exemplary embodiment 
illustrated in the drawing, in which: 
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 
[00018] Fig. 1 shows a mobile measuring device according 
to the invention; 

[00019] Fig. 2 shows a flow diagram of a monitoring 
inspection with the aid of the measuring device according 
to the invention; 

[00020] Fig. 3 shows a flow diagram of a first-time 
determination of a track with the aid of the measuring 
device according to the invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[00021] The mobile measuring device 1 comprises a frame 
2 having rollers 4, 6 and a guide arm 8 with a guide handle 
10. Arranged on the frame are measuring electronics 12 with 
satellite and dead- reckoning navigation devices, gas 
testing devices and a power supply. In addition, the frame 
-has -an- antenna -14- to -receive satellite- and correction- data, 
and also a table 16 arranged in the area of the guide arm 8 
and having a computing unit 18. 

[00022] The frame is equipped with three running wheels, 
the central running wheel 6 being used at the same time as 
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a measuring wheel for the distance and being connected to 
the computing unit. 

[00023] The computer is arranged on the table in such a 
way that the operator, when guiding the mobile measuring 
device 1 at the handle 10 can read data displayed on the 
monitor 20 of the computer 18 during the inspection. The 
computer 18 also has a device for transmitting an acoustic 
signal to the operator. 

[00024] For the purpose of determining position with the 
aid of the satellite navigation device 12 and the antenna 
14, recourse is initially made to existing satellite 
navigation systems, such as GPS (USA) and Glonass (Russia) . 
A differential method is added to the aforementioned 
systems in order to increase the accuracy of the. location 
determination. For this purpose, recourse can be made to 
correction methods which are already available, such as the 
SAPOS-HEPS real-time positioning system of the German land 
survey offices or a known reference station of the power 
supply- company _or line- -operator . - If - the accuracy of- -the- 
pure satellite navigation position is adequate, the system 
may also be operated without reference points. 

[00025] In order to bridge brief outages during the 
reception of the satellite signals, the use of an 
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additional dead- reckoning navigation system is 
advantageous. With the latter system, the last position 
determined by the satellite system is extrapolated in terms 
of magnitude and direction by means of a distance vector 
until the satellite system supplies reliable data again. 
[00026] The magnitude of the distance vector can be 
recorded, for example, by means of sensors in the measuring 
wheel 6. An indirect distance measurement can be achieved 
with the aid of speed sensors, by means of simple 
integration of the measured signal. A further indirect 
possibility for measuring the distance consists in the 
double integration of the measured signal from an 
acceleration transmitter . 

[00027] The direction o_f the distance vector can _ be 
obtained directly via an electronic compass or indirectly 
via an orthogonal pair of speed sensors. In addition, an 
inertia measuring system, for example in the form of a 
gyroscope or a two-axis orthogonal acceleration sensor, can 

-be -used to- record--the-direct-i-onT- - - - 

[00028] For the purpose of navigating the gas tracing 
instrument, use is preferably made of a geographic 
information system which is matched to the actual 
conditions of the area being monitored. It permits the 
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position information to be linked to the topographic 
information about the area being monitored. Initialization 
of the position measuring system is needed as a basis for 
this linking. For this purpose, use may be made of 
correction data from external providers or correction data 
determined with the aid of dedicated stations at points 
whose coordinates are known. Also suitable is the 
determination of correction data by means of the operation 
of reference stations arranged in any desired way in the 
environment of such points. The coordinates of the 
reference station are then determined by means of 
measurements with reference to at least one point whose 
coordinates are known. 

[0002 9] The aforementioned initialization methods supply 
positioning coordinates in a reference system which is 
defined mathematically uniquely, such as WGS 84, which may 
be converted into real topographical information via 
appropriate transformation formulations . 

[00030]- - - -The topographical information- - needed - -for- 

navigation can be derived from existing network information 
systems from the power supply companies and, before the 
beginning of the inspection, can be transmitted to the 
computer unit 18 for the area to be examined. 
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[00031] The control path to be patroled does not have to 
agree with the actual course of the supply lines. This is 
particularly the case in gas lines which are laid under 
sealed surfaces, since an escape of gas can be measured 
only in the edge regions of the sealed surface. 
[00032] After being input into the computer unit 18, 
specialist information of this type is balanced with the 
positioning and distance data and taken into account in the 
guidance of the operator by means of the measuring device 
according to the invention. This can be carried out, for 
example, by means of integration of a digital track into 
the system. The track may be derived from available data 
and knowledge and entered into the computer unit 18. 
[00033] A particular advantage of the measuring .device 
according to the invention is that it . permits automatic 
track recordings. The track, for example recorded within 
the context of a first inspection, can be used for all 
subsequent measurements. 

-[-0003-4-] -- - Fig. -2- -i-l-lust-rates — a- -f low - diagram- -- of — the* 
inspection over a gas line using the device according to 
the invention, while Fig. 3 illustrates a flow diagram of a 
recording of a digital track in the course of the first 
inspection. 
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[00035] In the procedure illustrated in Fig. 2, the 
operator is guided along the track predefined by the 
computer. In the process, the computer takes into account a 
tolerance band to the left and right of the desired path, 
and if this path is left, this is pointed out, and the 
operator, if this is intended, must react with an input of 
the reason for leaving the desired path. This reason is in 
turn processed in the documentation system of the computer 
unit and may be available during the next inspection. 

[00036] In the event of an increased gas concentration 
being determined by the gas tracing instrument, the 
operator is given specific, standardized instructions in 
order to ensure reproducible documentation of the gas 
escape . 

[00037] It is particularly advantageous to use a 
cable-free earpiece/microphone combination for the 
communication between the operator and computer unit, in 
addition to the display, loud speaker and keyboard. By 
means of .these measures,- the. concentration of the - operator - 
is largely released for other tasks. 

[00038] Overall, the invention therefore permits secure 
line monitoring with a low outlay on personnel. 



